FTIR Spectroscopic and Thermal Studies of Calcium Tartrate Trihydrate Crystals Grown by Gel Assistance by Joshi, Vimal S & Joshi, Mihir J
\l,uUanJ. P h y s . lS K a i  159-163 (2001)
U P  A
un international journal
FTIR spectroscopic and thermal studies of calcium tartrate trihydrate
crystals grown by gel Issistance
V im a l S  Jo s h i a n d  M ih ir  J j|> sh i*
Solid State Physic^ and Materials Sciei 





R e c e iv e d  2 3  M a \  2 0 0 0 , a c c e p te d  l & ^ c t o b e r  2 0 0 0
Abstract : Single crystals of calcium tartrate trihydrate were grown by using silicia gel as a medium. The gel was set by acidification of sodium 
imMasilicate solution by orthophosphoric acid solution. The supernatant solution containing calcium chloride and tartaric acid was poured on the gel
K.jwevci, this is in contrast to the usual growth technique for growing calcium tartrate crystals, where the gel is set with tartaric acid and calcium 
chlo iu lc  IS used as a supernatant solution The crystal growth and the role played by gel is discussed The crystals were characterized by FTIR 
spetiro.scopic technique and thermogravimetric analysts. A kinetics of dehydration was studied by using the Coast-Rcdfern, the Horowitz-Metzger and 
the Freeman - Carroll Relations.
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1. Introduction
A.S tartrates arc sparingly soluble in water and decompose before 
melting, the gel growth technique is found to be more promising 
than the high temperature crystal growths. Calcium tartrate 
crystals are found to be exhibiting ferroelectric and non linear 
t'ptical properties [1-5]. The ferroelectricity in gel grown calcium 
tartrate was reported by Gon [4]. Many authors have reported 
gel growth of calcium tartrate [6-9] and mixed strontium-calcium 
tartrate crystals f 10, J 1]. Recently, Suryanarayana etal. [5] have 
studied optical and structural characteristics of strontium doped 
ealcium tartrate as well as Suryanarayana and Dharmaprakash
[12] have reported defect characterization of the same crystals. 
The growth of pure and mixed calcium and strontium tartrate 
t r^ystals using optically active dextro tartaric acid [13] and levo 
lartaric acid [14] have also been carried out.
The present investigation is a part of the detail study carried
lo grow calcium hydrogen phosphate crystals by diffusing 
calcium chloride solution into the gel im pregnated by 
orthophosphoric acid, which yielded platelet and needle-shaped 
calcium hydrogen phosphate crystals. When tartaric acid was
C orresponding  A u th o r.
added along with the calcium chloride in the supernatant solution 
instead of calcium hydrogen phosphate, the crystals of calcium 
tartrate grew in the gel. These crystals were characterised by 
FTIR spectroscopic and thermogravimelry techniques.
2. Experimental techniques
Glass test tubes of 2.5 cm diameter and 15 cm length were used 
as a crystal growth apparatus. The gel was set by acidification 
of sodium metasilicate solution of specific gravity 1.06 by 
orthophosphoric acid of 2.5 molarity. After setting the gel, the 
supernatant solution containing 10 ml calcium chloride and 10 
ml of 1 molar tartaric acid was gently poured without disturbing 
the gel.
Transparent crystals with prismatic faces were grown at the 
liquid-gel interface and inside the gel. The growth of crystals is 
shown in Figure 1. The largest crystal having dimensions of 8 
mm X 7 mm x 3 mm was harvested, which is shown in Figure 2.
Whether the direct reaction took place or not between 
calcium chloride and tartaric acid solutions in the absence of gel 
medium, was also verified. In a single test tube of the same 
dimension, a mixture of tartaric acid solution and calcium chloride
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so lu tio n  w as p o u red  an d  k e p i fo r 3 w eek s  u n d e r  th e  id en tica l 
c o n d itio n s , bu t no  c ry s ta l g ro w th  w as o b se rv e d . T h is  p ro cess  
w as rep ea ted  by ad d in g  o r lh o p h o sp h o ric  ac id , w h ich  a lso  d id  
not y ie ld  any  c ry s ta l g ro w th . It w as fo u n d  th a t th e  ro le  o f  gel in 
c ry s ta l g ro w th  w as im p o rtan t.
Figure 1. The growth of calcium tartrate crystals in test tube
Figure 2, The largest calcium tartrate crystal harvested.
T h e  F o u r ie r  tr a n s fo rm  in f ra re d  (F T IR )  sp e c tru m  of 
p o w d e re d  sa m p le s  in  K B r m e d iu m  w as re c o rd e d  in the iciiioii 
fro m  4 0 0  e n r '  to  4 0 0 0  cm "^ by B R O K E R  IF S  6 6 V FriR 
sp ec tro m e te r. T h e  th e rm o g ra m  o f  th e  c ry s ta l w as ob tained wnh 
the h e lp  o f  ST A  4 0 9 C  se t up. IT ic rm o g rav im etric  analysis nxiAi 
w as p e rfo rm ed  from  ro o m  te m p era tu re  to  I (XK)”C  a t heating raic 
o f  15®C/min in  th e  a tm o sp h e re  o f  n itro g e n  by  u s in g  alum ina as 
re fe re n c e  m ate ria l. P o w d e re d  sa m p le s  w ere  used .
3. Results and discussion
A m b a d y  [151 s tu d ie d  th e  c ry s ta l s tru c tu re  o f  ca lc iu m  tarirak 
t e l r a h y d r a t e  c r y s t a l s .  T h e  c r y s t a l s  w e r e  f o u n d  to hi 
o rth o rh o m b ic  w ith  a =  9 .2 4  ± 0 .0 2  A , b  =  10.63 ±  0 .02  A  and ( 
9 . 6 6  ±  0 . 0 2  A  h a v in g  s p a c e  g r o u p  P 2 , 2 j 2 j. R cecm l\ 
S u ry a n a ra y a n a  et al [5 | re p o r te d  c ry s ta l s tru c tu re  o f  strontium 
d o p ed  c a lc iu m  ta r tra te  c ry s ta ls .
F o r  th e  g ro w th  o f  c a lc iu m  la r lra le , it is cu s to m ary  to  diltusi' 
C aC U  from  a  .solution in to  th e  s ilic a  gel c h a rg e d  w ith  tariaiu 
acid , w hich  has been  desc rib ed  in detail by H cnisch  [ 7 1. Howe vn 
it h as  been  p o ss ib le  to  p rc -su p c rsa iu ra tc  the g ro w th  mcdumi 
w ith  ca lc iu m  ta rtra te  by  ad d in g  a sm all a m o u n t o t'C aC l^  Iu  Iuk 
the  gel .sets. D u e  to  su b se q u e n t c a lc iu m  c h lo r id e  d iffu sio n  Iron 
the su p e rn a ta n t so lu tio n , a v e ry  la rg e  n u m b e r o f  sm all ciysiuh 
u n ifo rm ly  d is tr ib u te d  in gel a rc  fo u n d . W h en  the gel is not pic 
sa tu ra te d , the nom aal h ig h ly  n o n u n ifo rm  d is trib u tio n  o f  crystah 
is e x p ec ted , w h ich  in d ic a te s  th a t th e  n u m b e r o f  c ry s ta ls  rcdiuc^ 
on go in g  aw ay  from  g e l-so lu tio n  in te rface . It has a lso  been tomu 
th a t th e  c ry s ta ls  w h ich  g ro w  a t su b s tan tia l d e p th s  in the .ec 
g ro w  m o re  s lo w ly  th an  th o se  n ea r the  to p  b ecau se  o f lh e  sinallc 
c o n c e n tra tio n  g rad ien ts .
In  ca se s  in v o lv in g  th e  sa lts  o l w eak  ac id s , the environtm  ii 
b e c o m e s  in c re a s in g ly  ac id ic  d u rin g  g ro w th , an d  the likchhooc 
o f  a  n u c le u s  re a c h in g  c r i tic a l s iz e  is c o rre sp o n d ly  reduced 
H a lb c rs ta d t and  H cni.sch (8 , 9 | have sh o w n  th a t c a lc iu m  lariraii 
d o e s  n o t re a d ily  n u c le a te  at pH  v a lu e s  less th an  3. Highc 
p e rfe c tio n  a t in c rea s in g  d e p th s  is d u e  to  re d u c e d  com pclilion 
H o w ev er, by a d d in g  H C l to  th e  C aC l^ so lu tio n , few er and bciic 
q u a lity  c ry s ta ls  h av e  been  p ro d u c e d  n e a re r  to  the  gel interface
G e ls  a rc  n e ith e r  liq u id  n o r .solid, it is n o t a  sim p le  ihrei 
d im en sio n a l n e tw o rk , a c tu a lly  it co n .s is iso f sh ee l-lik e  .structure 
o f  v a ry in g  d e g re e s  o f  su rfa c e  ro u g h n e s s  an d  po rosity , fonnin< 
in te rc o n n e c te d  ce lls . T h e  ce ll w a lls  a re  o rd in a rily  curved. li 
d e n se  g e ls , th e  p o re s  a re  from  0.1 p  to  0 .5  p , w h ereas in lov 
d en sity  g e l, th o se  a re  fro m  le ss  th an  0.1 p  to  4 p . A l som e stap 
in g e l, as th e  c o n c e n tra tio n  o f  the  d iffu sa n t in c reases , a lev 
n u c le i b eg in  to  fo rm . It is a lso  b e lie v e d  th a t th e se  act as sink; 
an d  re su lt in  th e  e s ta b lish m e n t o f  ra d ia l p a tte rn s  w h ich  acfuali.' 
red u ce  re a g e n t c o n c e n tra tio n  in so m e  o f  n e ig h b o u rin g  sites 
c o n se q u e n tly  a d d itio n a l n u c le i w o u ld  be  in h ib ited . Subsequen 
in c re a se  o f  re a g e n t c o n c e n tra tio n  in c re a se s  the  g ro w th  rate no 
n ew  nucleatiom s. A n  a d d itio n a l re d u c tio n  o f  n u c lea tio n  is als< 
po.ssible by  'n a tu ra l' su p p re ss iv e  ac tio n  o f  th e  gel. Generally 
h o m o g e n e o u s  n u c le i o f  c ritic a l s ize  c a n n o t fo rm  in very  small
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isolated p o re s  b e c a u s e  th e  r e q u i r e d  a m o u n t  o f  so lu te  is n o t 
i available. C ritic a l n u c le i  m a y  fo rm  in  la rg e r  p o re s , h o w e v e r , th ey  
I ire not e x p e c te d  to  g ro w  to  m a c r o s c o p ic  s iz e  u n le s s  th e re  is  
: enough c o n n e c t io n  w ith  o th e r  p o re s  b e a r in g  s o lu te .  T h is  is  
also ap p lied  to  h e te r o g e n e o u s  n u c le i .  S o m e  o f  th e s e  m ig h t  b e  
eoniplctely 'p ro te c te d ’ b y  g e l m a t te r  a n d  th u s  b e  in o p e ra tiv e , 
\\hilc o th e rs  m ig h t  h a p p e n  to  b e  in  su i ta b le  lo c a t io n s  in  w h ic h  
continued g ro w th  c a n  b e  s u p p o r te d  by  th e  d if fu s io n  c o n d it io n  
prevailing. H e n is c h  [7 ] h a s  d is c u s s e d  th is  e la b o r a te ly  a n d  
suggested th a t th e re  a re  f a v o u r a b le  a n d  u n fa v o u r a b le  p o re  s iz e  
Jisiribu tions.
So lar the m a jo rity  o f  w o rk e rs  [6 -9 ] h a v e  u sed  ca lc iu m  c h lo rid e  
as su p ern a tan t s o lu t io n  to  d i f fu s e  in to  s i l ic a  g e l im p re g n a te d  b y  
lartaric a c id  ; n e v e r th e le s s ,  in  th e  p re s e n t  w o rk  th e  g e l w as  se t 
bv o rth o p h o sp h o ric  a c id  a n d  c a lc iu m  c h lo r id e  a n d  ta r ta r ic  a c id  
solutions w e re  a l lo w e d  to  d i f fu s e d  in  to  g e l. A s  th e re  w a s  no  
growth o f  c ry s ta ls  o b s e r v e d  b y  d ir e c t  re a c t io n  b e tw e e n  c a lc iu m  
chloride a n d  ta r ta r ic  a c id  s o lu t io n s ,  it is  b e lie v e d  th a t d u r in g  
(I llu s ion  o f  s o lu t io n s  in  g e l .som e c r i t ic a l  n u c le i m ig h t h a v e  
been fo rm ed  a t s u i ta b le  p o re s  a n d  m ig h t h a v e  o b ta in e d  so lu te  
Ifom n e ig h b o r in g  p o re s  th ro u g h  th e  p ro p e r  c h a n n e ls . I f  th e se  
pores w ere  a t g e l- l iq u id  in te r fa c e ,  th e  n u c le i m ig h t g e t so lu te  
directly. It w a s  o b s e r v e d  in  th e  p re s e n t  in v e s t ig a t io n s  th a t so m e  
LM)oci q u a lity  c ry s ta ls  w e re  g ro w n  a t th e  g e l- l iq u id  in te r fa c e  in to  
liquid sid e  as  w e ll a s  in  th e  g e l u p  to  th e  b o tto m  o f  te s t  tu b e . 
This can b e  se e n  fro m  F ig u re  1. It w a s  a ls o  o b s e rv e d , w h e n  
lartanc ac id  w a s  n o t a d d e d  to  th e  c a lc iu m  c h lo r id e  c o n ta in in g  
s u p e r n a ta n t  s o l u t i o n  th e  c r y s t a l s  o f  c a l c i u m  h y d r o g e n  
phosphate w e re  g ro w n  ; o n  th e  o th e r  h a n d , th e  a d d it io n  o f  
tiirtanc acid  c o m p le te ly  in h ib ite d  th e  g ro w th  o f  c a lc iu m  h y d ro g e n  
phosphate a n d  o n ly  c ry s ta ls  o f  c a lc iu m  ta r tra te  w e re  g ro w n . 
The critica l n u c le i o f  c a lc iu m  ta r tra te  s e e m e d  to  b e  fo rm e d  m o re  
readily th a n  c a lc iu m  h y d ro g e n  p h o s p h a te  a n d  th e  g ro w th  o f  
calcium h y d ro g e n  p h o s p h a te  w a s  c o m p le te ly  in h ib ite d .
In fra red  sp e c tro .sc o p y  is  o n e  o f  th e  p o w e r fu l te c h n iq u e  to  
identify c e r ta in  c h e m ic a l  g ro u p s  a n d  b o n d s  in  th e  s a m p le  [1 6 ]. 
The I T I R  sp e c tru m  o f  th e  p o w d e re d  s a m p le  is sh o w n  in  F ig u re  
T The a b s o rp tio n s  a t 3 5 5 8  e n r  *, 3 4 2 3  cm " * a n d  3 2 7 7  c m  • a rc  
attributed to  th e  a s y m m e tr ic  a n d  s y m m e tr ic  s t re tc h in g  o f  0 - H  
bond, w h ic h  u s u a l ly  i n d i c a t e s  th e  p r e s e n c e  o f  w a te r  o f  
crysta lliza tion . T h e  a b so rp tio n  a t 158 9  cm"* is  d u e  to  c a rb o n y l C
=  O  g ro u p . T h e  C -O  s tre tc h in g  v ib ra tio n s  g iv e  rise  to  a b so rp tio n s  
a t  1 4 8 8  cm ~ * , 1 3 3 0  e n r *  a n d  m o r e  s h a r p  a t  1 3 8 5  
cm ~ ‘ . A lso , th e  a b s o rp tio n s  a t 1061 c n r ‘ an d  1 0 1 1  c m '*  a re  d u e  
to  o u t  o f  p la n e  0 - H  d e f o r m a t io n  a n d  C -O  s t r e tc h in g .  T h e  
a b s o rp tio n s  s i tu a te d  b e tw e e n  9 6 2  c m  * to  5 3 3  c m  * a re  d u e  to  
c a lc iu m -o x y g e n  s tre tc h in g  v ib ra tio n s . H o w e v e r, th e  m e c h a n ic a l 
s t if fn e s s  c o n s ta n t  is a ls o  c a lc u la te d  fo r  C  =  O  v ib ra tio n  a t  1589 
c m “ * by u s in g  th e  fo l lo w in g  re la tio n  [1 6 ] w h ic h  is fo u n d  to  b e  
1 0 2 0 N nT*.
» ? = l 3 0 3 ( F ( l / » i , + l / m ,  ) f
w h e re  F |s  fo rce  c o n s ta n t in N m  * ,m , =  1 6 a .m .u . ,m ,=  1 2 a .m .u ., 
V =  s t r c |c h in g  v ib ra tio n .
T h e  ijb erm al p ro p e r tie s  o f  th e  g e l g ro w n  c a lc iu m  ta r tra te  
c ry s ta ls  f r o w n  by u s in g  d e x tro - ta r ta r ic  ac id  113) an d  Icvo  - ta rta ric  
a c id  [14] h a v e  b e e n  re p o r te d .  In  th e  p re s e n t  in v e s t ig a t io n , 
th e rm o g ra v im c tr ic  a n a ly s is  (T G A ) w a s  e a rn e d  o u t on  p o w d e re d  
s a m p le s , F ig u re  4  in d ic a te s  th e  th e rm o g ra m  ol c a lc iu m  ta r tra te . 
It c a n  b e  n o tic e d  th a t th e  s a m p le  lo s e s  w a te r  o f  h y d ra t io n  an d  
b e c o m e s  a n h y d ro u s  at 231 th e re a f te r , it d e c o m p o s e s  in to  
c a lc iu m  o x a la te , fu r th e r  d e c o m p o s it io n  in to  c a lc iu m  c a rb o n a te  
o c c u rs  a t 5 0 7  ‘^C . U ltim a te ly , th e  sa m p le  tu rn s  in to  c a lc iu m  o x id e  
a t 8 3 5  a n d  re m a in s  s ta b le  u p to  th e  e n d  o f  th e  a n a ly s is . It w as  
e s t im a te d  th a t th re e  w a te r  m o le c u le s  w e re  a s s o c ia te d  w ith  th e  
c ry s ta ls .
figure 3. The FTIR Spectrum of calcium tartrate.
T h e  u se  o f  th e rm o g ra v im e lr ic  d a ta  to  e v a lu a te  th e  k in e tic  
p a ra m e te r s  o f  so lid  s ta te  r e a c t io n s  in v o lv in g  w e ig h t- lo s s  h a s  
b e e n  in v e s tig a te d  b y  m a n y  w o rk e rs  ( 1 7 - 2 1 ]. U su a lly , th e  sh a p e  
o f  p y ro ly s is  c u rv e  is  d e te r m in e d  by  th e  k in e tic  p a ra m e te r s  su c h  
a s  th e  o rd e r  o f  re a c t io n , th e  fr e q u e n c y  fa c to r  a n d  th e  a c tiv a tio n  
e n e rg y . J o s e p h  a n d  J o s h i [2 0 ] r e p o r te d  th e  k in e tic  s tu d y  o f  
d e h y d ra t io n  o f  ge l g ro w n  iro n  ta r tra te  d ih y d ra te  c ry s ta ls . T h e y  
a p p l ie d  th e  C o a ts - R e d f e r n  r e la t io n ,  th e  H o r o w i tz - M e tz g e r  
re la tio n  a n d  th e  F re e m a n -C a r ro l l  re la tio n  to  c o m p u te  v a r io u s  
k in e tic  p a ra m e te r s . T h e  s a m e  th re e  re la tio n s  a re  a p p lie d  to  th e  
p re s e n t  in v e .s tig a tio n s , h e n c e  th e  d e ta i ls  a re  a v o id e d .
F ig u re  5 is a  p lo t fo r  tlic C o a ts -R e d fe rn  re la tio n , w h ich  ex h ib its  
a  l in e a r  n a tu re  fo r  th e  v a lu e  o f  n , th e  o rd e r  o f  re a c t io n , to  b e  3 / 2 . 
T h e  v a lu e s  o f  a c t iv a t io n  e n e rg y , f re q u e n c y  fa c to r  a n d  e n tro p y  
w e re  e s t im a te d  to  b e  6 8 .9 2  k Jm o l '* , 5 .4 3  x  10*^ a n d  1 3 1 .0 7
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JK '"‘m o r ‘, re s p e c tiv e ly . T h e s e  v a lu e s  a re  c o m p a ra b le  to  th e  
v a lu e s  o f  c a lc iu m  Ic v o - ta r tra tc  tr ih y d ra te  c ry s ta ls  [1 4 ] , b u t th e  
d if fe re n c e  is q u ite  la rg e  fo r  c a lc iu m  d e x tro - ta r tr a te  m o n o h y d ra te
Figure 5. A plot for Coat$<Redfern relation, where K = ~ log [{1-(1~ 
a ) ‘"|/(l'-w)*r] versus X «  VT,
c ry s ta ls  [1 3 ] . T h e  H o ro w i tz - M e tz g e r  re la t io n  p lo t is shown m 
F ig u re  6 , w h ic h  is  a  l in e a r  p lo t  fo r  th e  v a lu e  o f  n =  3 /2. Tlic value 
o f  a c t iv a t io n  e n e rg y  w a s  c a lc u la te d  to  b e  7 7 .2 0  k Jm o l'* . Figure 
7  s h o w s  th e  F re e m a n -C a r ro l l  re la t io n , w h ic h  is  ag a in  a linear
Figure 7. A plot for FFeemiui-Carroll relation, where Y = (Atog dw/dru 
(Alog Wr) and X = (AT ')/(A log Wr).
p lo t  fo r  n  =  3 /2 . T h e  v a lu e  o f  a c t iv a t io n  e n e rg y  w a s  fo u n d  to be 
4 5 .9 5  k J m o rV  T h e  re s u lts  a re  s u m m a riz e d  in  T ab le  1 . T h e  valuer 
o f  a c t iv a t io n  e n e rg y  a re  fo u n d  to  b e  d if f e re n t  in  th e se  relation^ 
d u e  to  d if f e re n t  m a th e m a tic a l  t r e a tm e n ts  a p p lie d  to  ex p la in  ilu 
m e c h a n is m  o f  d e c o m p o s i t io n ,  w h ic h  c o r r e s p o n d s  to  caiiiei 
r e s u lts  [2 0 ,2 1  ]. T h e  F T IR  a n d  T G A  re s u lts  h a v e  c o n firm e d  iht 
g ro w th  o f  c a lc iu m  ta r tra te  c ry s ta ls .  A ls o  it w a s  o b se rv e d  ihai 
u n d e r  c e r ta in  c o n d i t io n s  s o m e  s in g le  c ry s ta ls  w e re  fo u n d  to k  
f lo a tin g  o n  th e  s u p e rn a ta n t  l iq u id  su r fa c e . F u r th e r  w o rk  is undei 
p ro g r e s s .
Tabic 1. Shows the values of kinetic parameters calculated for thre< 
different relations.
Relation Order of Activation Frequency Entropy
Reaction Energy Factor JK * mol' 
E
kJmol '
CoatS’Redfern 3/2 68 92
Horowitz-Metzger 3/2 77.20
Freeman-Carroll 3/2 45.95
5 .9 3 x 1 0 ''' 13107
Figure 6. A plot for Horowtu«Metzger relation, where Y ; log [(1~C' *)/ 
(iHn)] and X » e.
4. Conclttgions
Though the crystal growth by direct reaction between calciun 
chloride and tartaric acid solutions is not observed, the growtl 
is possible in a gel as well as at the gel-liquid interface by pourin) 
simultaneously both the solutions on a gel impragnated b; 
CMihophosphoric acid. This may be due to the formation of critica 
nuclei in suitable pores in the gel and the supply of solute fron 
neighbouring pores through proper channels. The pores bearini 
nuclei at the gel-liquid interface obtain solute quite readily.
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The addition  o f  ta rta ric  acid  so lu tion  to  calc ium  ch loride 
solution in the  sup ern a tan t so lu tion  has inh ib ited  the g row th  o f  
calcium  hydrogen  ph ospha te  com ple te ly  ; as a  resu lt, on ly  the 
growth o f  calc ium  tartra te  is observed .
The FTIR spectrum  o f  calcium  tartrate trihydrate has revealed 
the presence o f  0 - H  bond, C - 0  and  carbony l C  =  0  bond. T he 
presence o f  w ate r m o lecu les  are detec ted .
I rom the therm ogram , it is ind icated  tha t the  calcium  tartrate 
irihydrate crysta ls  are  the rm ally  un stab le  and d eco m pose  in to  
ca lc ium  ox ide  th ro u g h  m an y  stages . T h e  v a lu e s  o f  k ine tic  
param eters in the relations viz, C oats-R edfem , H orow itz-M etzger 
and Freem an-Carroll relations, are d ifferent for d ifferent relations 
because d iffe re n t m a th em atic a l trea tm en ts  a p p lied  in these 
m odels. T he F T IR  and T G A  resu lts  fu rthe r con firm  the grow th  
ol calcium tartra te  trih yd ra te  crysta ls.
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